1. Introduction {#sec0005}
===============

Due to increased health awareness, consumers are increasingly demanding functional health products. This has led to an expansion of the health food market and research; and food industry is actively searching for new functional materials from natural resources \[[@bib0005]\]. Research areas related to functional foods have also diversified. Among these areas, researchers have been focusing on the identification of diseases that can be caused by inflammation and the discovery of anti-inflammatory substances that could prevent or treat inflammatory diseases \[[@bib0010]\].

Oxidative stress, defined as the production of reactive oxygen species (ROS) and free radicals and an imbalance in antioxidant levels, is associated with various diseases, such as degenerative nervous system diseases, aging, and diabetes \[[@bib0015], [@bib0020], [@bib0025], [@bib0030]\]. Continuous and excessive oxidative stress in cells leads to an increase in gene expression in specific cells, which in turn, induces degenerative diseases as well as an increase in apoptosis leading to a chronic inflammatory response \[[@bib0035],[@bib0040]\]. Inflammation is a repair mechanism that regenerates the damaged area following an invasion that causes physical changes due to physical stimulation, chemical substances, and bacterial infection \[[@bib0010]\]. However, persistent inflammation can lead to inflammatory diseases, rheumatoid arthritis, arteriosclerosis, gastritis, and asthma \[[@bib0045]\].

Macrophages play a pivotal role in the host immune defense system as effector cells and are activated by stimuli that include bacterial lipopolysaccharides (LPS) \[[@bib0050],[@bib0055]\]. LPS is the major component of gram-negative *Escherichia coli* cell wall \[[@bib0060]\] and stimulates the production of pro-inflammatory cytokines such as interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α, and inflammatory mediators, such as nitric oxide (NO). These cytokines may contribute to the progression of several inflammatory diseases involving inflammatory bowel diseas (IBD), such as atherosclerosis, cancer, inflammatory arthritis \[[@bib0065], [@bib0070], [@bib0075], [@bib0080], [@bib0085], [@bib0090]\].

Lemon Myrtle, a shrub of the family Myrtaceae is a species native to tropical rainforests in the Queensland coastal region of Australia, and is found 50--800 m above sea level \[[@bib0095],[@bib0100]\]. It is rich in lemon fragrance, contains citral, and is used as a traditional spice in Australia. The Australian Aborigines have used 'Lemon Myrtle' for both cooking and healing. The leaves are often used as dried flakes, or in the form of an encapsulated flavor essence that enhances shelf-life and is used for flavoring in vegetable oils, pasta, and shortbread. However, it is mainly used in teas, mostly as mixtures. In addition, 'Lemon Myrtle' is used as a lemon flavor replacement in milk-based foods, such as cheesecake or ice-cream to avoid curdling associated with the acidity of lemon fruits \[[@bib0105],[@bib0110]\]. Studies on lemon myrtle have reported cytotoxic effects due to presence of essential oils \[[@bib0110]\], skin toxicity \[[@bib0115]\], antimicrobial and antifungal activity \[[@bib0120]\], and effects on bone formation \[[@bib0100]\]. However, the anti-inflammatory effects of lemon myrtle leaves have not been explored completely.

In this study, we investigated the total polyphenol content and flavonoid content, and ABTS and DPPH radical scavenging activity by using 70 % ethanol extract of Lemon myrtle leaves, and its anti-inflammatory effects on RAW 264.7 macrophages induced by LPS.

2. Material and methods {#sec0010}
=======================

2.1. Extract preparation {#sec0015}
------------------------

The dried lemon myrtle leaves was purchased in August 2018 from Natureteamall (Gyeonggi, Korea). For extraction, 10 volumes of 70 % ethanol (50 mL) were added to the powered Lemon myrtle leaves (5 g). The supernatant of the mixture was condensed in a vacuum, and lyophilized. The Lemon myrtle leaves extract was stored at −20 °C and dissolved in dimethyl sulfoxide (DMSO) before the use.

2.2. Total polyphenol content {#sec0020}
-----------------------------

Total polyphenol content was determined by modifying the Folin-Denis method \[[@bib0125]\]. After mixing 25 μL of sample solution and 500 μL of 10 % Folin-Ciocalteau\'s phenol reagent (Sigma-Aldrich, Co., St. Louis, Mo., USA) for 5 min at room temperature, they were reacted with 500 μL of 10 % sodium carbonate (Junsei Chemical Co. Ltd., Tokyo, Japan) at 30 °C incubator for 90 min. And then, the absorbance was measured three times at 725 nm, and the average value was listed. Gallic acid (Sigma-Aldrich Co.) was used as a standard substance.

2.3. Total flavonoid content {#sec0025}
----------------------------

Total flavonoid content was determined by the modified method of Moreno et al. \[[@bib0130]\] Samples were mixed with distilled water containing 10 % aluminum nitrate (Sigma-Aldrich Co.) and 1 M potassium acetate (Sigma-Aldrich Co.), incubated at 30 °C for 40 min and then, absorbance was measured at 415 nm. Quercetin (Sigma-Aldrich Co.) was used as a standard substance.

2.4. Antioxidant assay {#sec0030}
----------------------

### 2.4.1. DPPH radical scavenging activity {#sec0035}

The radical scavenging effect of DPPH (1,1-diphenyl-β-picrylhydrazine, Sigma-Aldrich, Co.) was measured by modifying the method of Blois \[[@bib0135]\]. 100 μL of 0.2 mM DPPH solution was added to 100 μL sample on 96 well plates, mixed for 5 s, and then, reacted for 30 min after shading the light. Absorbance was measured at 517 nm using a microplate spectrophotometer (Epoch, Biotek Instruments, Inc., VT, USA), and ascorbic acid (Sigma-Aldrich Co.) was used as a positive control.

### 2.4.2. ABTS radical scavenging activity {#sec0040}

The ABTS ^+^ radical scavenging activity were measured by modifying the method of Kim, & Han \[\[[@bib0140]\]\]. Seven millmoles 2,2′-Azobis (2-aminopropane) dihydrochlordie (Sigma-Aldrich, Co.) was mixed with 2.45 mM ABTS and then, reacted for 16 h at 23 °C. Fifty microliters of sample and 100 μL of ABTS solution were reacted at 23°C for 20 min after adding on a 96well-plate and then, the absorbance was measured at 734 nm. As a positive control, ascorbic acid (Sigma-Aldrich Co.) was used.

2.5. Anti-inflammatory assay {#sec0045}
----------------------------

### 2.5.1. Cell culture and cytotoxicity determination {#sec0050}

Murine macrophage, RAW 264.7 cell line was obtained from the Korean Cell Line Bank. Cells were maintained as a monolayer culture in Dulbecco's Modified Eagle Medium (DMEM) (HyClone, Logan, UT, USA) supplemented with 10 % heat-inactivated FBS (HyClone), and 100 IU/mL penicillin and 100 μg/mL streptomycin solution (HyClone) and maintained at 37 °C in a humidified atmosphere of 5 % CO^2^. The cells were pretreated in serum-free DMEM medium with various concentration of extract for 1 h and then stimulated with LPS (1 g/mL) for 24 h. The cell viability was evaluated by MTS assay kit (Promega, Madison, WI, USA) according to the manufacture's protocol. All experiments were carried out using 1 g/mL of LPS for the induction of inflammation.

### 2.5.2. Measurement of NO production {#sec0055}

The cells were treated with LME for 1 h, and induced by stimulating them with LPS for 24 h. The culture media was mixed with an equal amount of Griess reagent, reacted at room temperature for 15 min, and measured at 550 nm using a microplate reader (BioTek Instruments, Inc., Winooski, VT, USA). Serum free culture medium was used as the blank in all experiments.

### 2.5.3. Measurement of cytokines production in culture medium {#sec0060}

The levels of pro-inflammatory cytokines involving IL-6 and TNF-α in the culture media produced RAW 264.7 cells were measured by enzyme-linked immunosorbent assay (ELISA) kits (BD OptEIA TM, San Diego, CA, USA) according to manufacturer's instruction.

### 2.5.4. Analysis of mRNA levels of pro-inflammatory cytokines {#sec0065}

The mRNA levels of IL-6 and TNF-α were assessed by Reverse-transcriptase polymerase chain reaction (RT-PCR) using specific primers ([Table 1](#tbl0005){ref-type="table"}). RAW 264.7 cells (1 × 10^6^ cells/ml) were pretreated with various concentration of LME for 2 h and stimulated with LPS for 24 h. Total RNA was extracted with an RNeasy mini kit (Qiagen, Hilden, Germany) and 1 mg of total RNA was reverse-transcribed into complementary DNA (cDNA) by Superscript III First-Strand synthesis kit (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instructions. The result cDNA samples were subjected to PCR amplification in the presence of specific sense and antisense primers. Human glyceraldehyde-3-phaosphate dehydrogenase (GAPDH) was used as an internal control, and the primer sequences are provided in [Table 1](#tbl0005){ref-type="table"}. The PCR was conducted as follows: 94℃, 30 s, denaturing; 55℃, 30 s, annealing; 72℃, 1 min extension: and subjected to 19 cycles for IL-6 and TNF-α genes. The amplified PCR products were visualized via 1 % agarose gel electrophoresis and HiQ Blue Mango Dye (Bio-D, Gwangmyeong-Si, Korea) staining, and then analyzed using a gel documentation system (KoreaBiotek, Korea) quantitative analysis.Table 1Primer sequences used in this study.Table 1IL-6Forward\
Reverse5′-GCCTTCTTGGGACTGATGCT-3′\
5′-TGGAAATTGGGGTAGGAAGGAC-3′TNF - αForward\
Reverse5′-TAGCCCACGTCGTAGCAAAC-3′\
5′-ACCCTGAGCCATAATCCCCT-3′GAPDHForward\
Reverse5′-ACCACAGTCCATGCCATCAC-3′\
5′-CCACCACCCTGTTGCTGTAG-3′

2.6. Statistical analysis {#sec0070}
-------------------------

Data are expressed as means ± standard deviation (SD) of at least three independent experiments. Significant differences between the control and LME groups were determined by Student's *t*-test at *p* \< 0.05.

3. Results and discussion {#sec0075}
=========================

3.1. Analysis of total polyphenol and flavonoid content {#sec0080}
-------------------------------------------------------

Phenolic compounds widely distributed in nature have various structures and molecular weights. The phenolic hydroxyl groups in these compounds impart physiological properties, such as anti-oxidative, anticancer, and antibacterial activity by binding to macromolecules such as proteins \[[@bib0145]\]. Several studies report an interaction between antioxidant activity and the amount of phenolic compounds \[[@bib0150], [@bib0155], [@bib0160]\]. Therefore, based on reported data, the antioxidant activity can be quantified by measuring the amount of phenolic compounds in the plant \[[@bib0165]\]. Antioxidants widely distributed in nature include flavonoids, tocopherols, polyphenols, and carotenoids. Among them, flavonoids are mainly present in the fruits, stem, and flowers and are compounds with C6-C3-C6 structure, the basic structure of flavone \[[@bib0170]\]. Total polyphenol content of the LME sample was 118.77 ± 0.34 mg/g extract. Cheon \[[@bib0100]\] reported that the total polyphenol content of hot water and ethanol extracts from Korean lemon myrtle were 207.7 and 246.73 μg GAE (gallic acid equivalents)/mg, respectively, and the total phenol content of ethanol extracts was higher than that of hot water extracts. However, in the study by Kim et al. \[[@bib0175]\], the total polyphenol contents of hot water and ethanol extracts were 331.54 and 204.74 μg TAE (tannic acid equivalents)/mg. And water extracts were reported to contain higher total phenol content. This difference between ethanolic and aqueous extracts could be due to difference in the extraction method and in the geographical location from which the plant was obtained. Total flavonoid content from the LEM sample was estimated at 14.53 ± 1.88 mg/g extract. In the study by Taghizadeh et al. \[[@bib0180]\], effects of three types of solvents namely, polar protic solvents (i.e. ultrapure water, methanol and ethanol), polar aprotic solvents (i.e. acetone and ethyl acetate) and a non-polar solvent (i.e. hexane), determinate of total flavonoids content. Results showed that total flavonoid levels significantly vary among different extracts. Based on results, the highest values for total flavonoid in pistachio extracts were obtained following extraction using ethanol. In terms of total flavonoids content, these results were showed that the efficiency of polar protic solvents for extraction of the flavonoids compounds, was more pronounced than that of polar aprotic solvents and non-polar solvent.

3.2. DPPH and ABTS radical scavenging activities {#sec0085}
------------------------------------------------

The antioxidant activity of a substance can be measured by various methods with varying sensitivities. ABTS is a relatively stable free radical and is widely used for measuring antioxidant activity in combination with DPPH, which can measure both lipophilic and hydrophilic substances. ABTS produces a cationic radical and DPPH produces an anionic radical for the detection of antioxidant activity. Therefore, it is known that these two methods are different from each other in the degree of binding between the substrates and the reactant, and therefore, the measurement results may be different depending on the method used.

The DPPH scavenging activity of LME with different concentrations was 49.54, 53.41, 57.21, and 61.45 % at concentrations of 10, 25, 50, and 100 μg/mL, respectively ([Fig. 1](#fig0005){ref-type="fig"}A). The antioxidant activity of 100 μg/mL ethanolic LME was lower than that of 100 μg/mL ascorbic acid, the positive control. Kean et al. \[[@bib0185]\] showed that both lemon myrtle leaf and stem volatile oils showed high antioxidant properties. DPPH scavenging activity for both the leaf and stem parts were 83.72 % and 84.46 %, respectively. As for the xanthine/xanthine oxidase superoxide scavenging assays, both the lemon myrtle leaf and stem volatile oils showed high superoxide scavenging activity, at 83.72 % and 84.46 %, respectively. The ABTS radical scavenging activity was similar to DPPH radical scavenging activity ([Fig. 1](#fig0005){ref-type="fig"}B). The ABTS scavenging activity was 19.95, 38.88, 52.47, and 70.30 % at concentrations of 10, 25, 50 and 100 μg/mL, respectively. In the present study, the ABTS radical scavenging activity was relatively higher than the DPPH radical scavenging activity. A similar observation was made by Re et al. \[[@bib0190]\] who suggested that the difference in sensitivity likely arises because the ABTS method can measure both hydrogen-donating antioxidant levels and the chain-breaking antioxidant levels and can be applied to both the aqueous phase and the organic phase with higher sensitivity.Fig. 12,2-Diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radical scavenging activities (A) and 2,2′-azino-bis(3-ethylbenz-thiazoline-6-sulfonic acid) (ABTS) radical scavenging activities (B) of Lemon myrtle extract (LME) and ascorbic acid. Each Values are expressed as Mean ± standard deviation (SD). (n = 3).Fig. 1

3.3. In vitro cytotoxicity {#sec0090}
--------------------------

Oxidative stress promotes the occurrence of various chronic diseases such as aging, cancer, inflammation, neurodegeneration, and type 2 diabetes \[[@bib0195],[@bib0200]\]. Therefore, many plant extracts have been used as traditionally prescribed herbal remedies for the treatment of these diseases worldwide. RAW 264.7 cells are a functional macrophage cell line transformed by Abelson leukemia virus and require stimuli such as LPS for activation \[[@bib0205]\]. The present study was undertaken to evaluate the potential *in vitro* anti-inflammatory activity of LME using the LPS-induced RAW model system. The viability of the RAW 264.7 cells was assessed using MTS assay to precisely determine the toxicity of LME. Cells were treated with various concentrations of LME (10--100 μg/mL) for 24 h followed by LPS stimulation. LME treatment did not exhibit any cytotoxic effects on RAW 264.7 cells at concentrations up to 100 μg/mL after treatment for 24 h ([Fig. 2](#fig0010){ref-type="fig"}).Fig. 2Effects of LME on cytotoxicity in lipopolysaccharide (LPS)-induced RAW 264.7 cells. Cells were pretreated with LME for 1 h and then stimulated with LPS (1 mg/mL) for 24 h under serum-free conditions. Cell viability were determined using MTS assay. Each determination was made in triplicate. Each determination was made in triplicates. Data are presented as means ± SD.Fig. 2

3.4. Effects on NO production {#sec0095}
-----------------------------

NO is released by activated macrophages and is an important molecule that regulates a range of physiological and pathological inflammatory responses. To investigate the effect of LME treatment on NO production, RAW264.7 cells were pretreated with LME for 1 h followed by stimulation with LPS (1 g/mL) for 24 h. Curcumin treatment was used as positive control for NO production, which was measured using Griess reagent. As shown in [Fig. 3](#fig0015){ref-type="fig"}, NO production was induced by LPS (compared to vehicle control). However, LME pretreatment significantly decreased the levels of LPS-induced NO production in a concentration-dependent manner (P \< 0.05).Fig. 3Effects of LME on nitric oxide (NO) production in LPS-induced RAW 264.7. Cells were pretreated with LME for 1 h and then stimulated with LPS (1 mg/mL) for 24 h under serum-free conditions. NO production was determined using Griess assay. Each determination was made in triplicates. Data are presented as means ± SD. *^\#^ P* \< 0.05 vs. control; *\* P* \< 0.05 vs. LPS-treated group.Fig. 3

3.5. Effects on pro-inflammatory cytokine production {#sec0100}
----------------------------------------------------

The cellular exposure to LPS results in an inflammatory response due to the secretion of pro-inflammatory cytokines. To assess the inhibitory effect of LME treatment on the secretion of proinflammatory cytokines in LPS-stimulated RAW 264.7 cells, the levels of these cytokines were measured by ELISA. Results indicated that LME treatment significantly suppressed the protein expression of IL-6 and TNF-α in a concentration-dependent manner in LPS-stimulated RAW 264.7 cells (P \< 0.05, [Fig. 4](#fig0020){ref-type="fig"}A). Moreover, to determine the inhibitory effects of LME on IL-6 and TNF-α gene expression, the mRNA levels of the IL-6 and TNF-α were measured via RT-PCR using total cellular RNA prepared from LPS-stimulated RAW 264.7 cells pretreated with different concentrations of LME. The mRNA levels for the IL-6 and TNF-α of non-treated cells was clearly detected; however, the corresponding mRNA of the LME-treated cells was shown to be significantly reduced with concentration-dependent manner (P \< 0.05, [Fig. 4](#fig0020){ref-type="fig"}B).Fig. 4Effects of LME on production of pro-inflammatory cytokines. Cells were pretreated with LME for 1 h and then stimulated with LPS (1 μg/mL) for 24 h. Protein expression (A) and mRNA level (B) of interleukin (IL)-6 and tumor necrosis factor (TNF)-α were determined by enzyme-linked immunosorbent assay (ELISA) and reverse-transcriptase polymerase chain reaction (RT-PCR), respectively. Each determination was made in triplicates. Data are presented as means ± SD. *^\#^P* \< 0.05 vs. control; *\* P* \< 0.05 vs. LPS-treated group.Fig. 4

NO and pro-inflammatory cytokines such as IL-6 and TNF-α, which is an inflammatory regulatory mediator in the physiological and pathological processes of inflammation and is produced mainly by activated macrophages, was suppressed by LME. Our results shown that LME inhibited the pro-inflammatory mediators in a LPS-induced condition. Further studies on the protective action of active compounds in the molecular mechanism and the dextran sodium sulfate-induced colitis model from lemon myrtle would be necessary to confirm their potential therapeutic application in the treatment of IBD.

4. Conclusion {#sec0105}
=============

In the present study, we show that LME had anti-oxidative activities as confirmed by ABTS and DPPH radical scavenging. Moreover, LME negatively regulated the levels of the inflammatory mediator, NO, and pro-inflammatory cytokines, IL-6 and TNF-α. Further studies investigating anti-oxidative and anti-inflammatory mechanisms of active compounds isolated from lemon myrtle at the molecular level are required.
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